The impact of lean manufacturing practices on operations performance: A study on Indonesian manufacturing companies by Nawanir, Gusman et al.
39 
 
THE IMPACT OF LEAN MANUFACTURING PRACTICES  
ON OPERATIONS PERFORMANCE:  
A STUDY ON INDONESIAN MANUFACTURING COMPANIES 
 
GUSMAN NAWANIR, SITI NOREZAM OTHMAN, LIM KONG TEONG 





The relationships between lean practices and operations performance were investigated in 
this study. Lean practices include flexible resources, cellular layouts, pull system, small lot 
production, quick setup, uniform production level, quality at the source, total productive 
maintenance, and supplier networks. Operations performance measures include quality, 
flexibility, lead time reduction, and cost reduction. Based on the theoretical framework, 
four hypotheses were developed and tested statistically. The study was cross-sectional study 
using survey methodology. The survey was carried out randomly in large Indonesian 
manufacturing companies based on the data provided by the Data and Information Center 
of Indonesian Ministry of Industry with the final number of respondents was 139. The study 
hypotheses were tested statistically by applying Pearson correlation analysis, multiple 
regression analysis, principal component analysis, and simple regression analysis. The 
results support all the four hypotheses. The findings tend to support that lean practices 
should be implemented collectively and comprehensively, rather than piecemeal and in 
limited subsets, and that lean practices have positive and significant impact on operations 
performance. 
 






Lean manufacturing has contributed significantly to the success of Japanese and US firms in last 
three decades (Finch, 2008). Even, Krafcik (1989) suggested that high performance depends on 
creating lean production system. Nowadays, in the competitive era, many companies are turning 
to lean manufacturing to get better performance by targeting the central theme of lean, waste 
(non-value added activities) elimination.  
 
Various studies have concluded that lean manufacturing helped numerous companies to 
improve their performances. Callen, Fader, and Krinsky (2000) noted that 
organizational performance of lean firms was marginally higher than non-lean firms. 
Fullerton and McWatters (2002) postulated that lean was a vital manufacturing strategy 
to sustain competitive advantage through performance improvement. Claycomb, 
Germain and Droge (1999) also claimed that lean directly associated with 
organizational efficiency and financial result. On the other hand, a few studies have 
shown different findings. The study conducted by Dao (2000) concluded that lean 
manufacturing in purchasing did not have significant impact on quality, cost, 
productivity, and lead time. Sakakibara, Flynn, Schroeder, and Morris (1997) found that 
there was no significant relationship between lean practices and operations 
performance. Ahmad, Mehra, and Pletcher (2004) also concluded that lean practices did 
not contribute significantly to the financial performance.  
 
Past studies indicated the contradict findings regarding the implication of lean 
manufacturing on companies’ performance. There was no single acceptable opinion 
among practitioners and researchers regarding the definition and practices of lean 
manufacturing may become the main source of these misconceptions (Ahmad, 
Schroeder, & Sinha, 2003; Callen et al., 2000; Fullerton, Huntsman, Wempe, & Neeley, 
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2009; Mehra & Inman, 1992; Ramarapu, Mehra, & Frolick, 1995), therefore 
practitioners and researchers offered a set of different definition and practices. In 
addition, lean manufacturing was often not implemented as total system (Claycomb et 
al., 1999; Cua, McKone, & Schroeder, 2001), while Mehra and Inman (1992), and 
White and Prybutok (2001), argued that potential benefits of lean manufacturing will 
not be realized before it is implemented as a total system. Literature review tends to 
suggest implementing lean practices integrally and comprehensively. However, 
literature review shown that the empirical evidence in favor of lean manufacturing’s 




Lean Manufacturing Practices 
The basic underlying objective of lean is to improve operations performance through waste 
elimination (Bartezzaghi & Turco, 1989; Cheng & Podolsky, 1993; Fullerton, Huntsman, 
Wempe, & Neeley, 2009). According to Abdallah and Matsui (2007), Russell and Taylor III 
(2008), and Finch (2008), over productions, inventory, defects, motions (unnecessary 
movement), over processing, waiting (delay) time, and transportation are the types of waste 
which lean aims to eliminate.  
 
For lean production to work well in achieving a better operations performance, some 
fundamental practices must be in place. Due to the consensus that no single acceptable opinion 
regarding the relative importance of the practices in the lean process, the most commonly used 
practices proposed by the particular past studies are compiled by regrouping various activities 
into nine practices i.e. flexible resources (Ahmad et al., 2004; Fullerton, McWatters, & Fawson, 
2003; Shah & Ward, 2007), cellular layouts (Matsui, 2007; Shah & Ward, 2007), pull system 
(Ahmad et al., 2004; Matsui, 2007; Shah & Ward, 2007), small lots production (Ahmad et al., 
2004; Matsui, 2007; Shah & Ward, 2007), quick setup (Ahmad et al., 2004; Matsui, 2007; 
Sakakibara et al., 1997; Shah & Ward, 2007), uniform production level (Fullerton et al., 2003; 
Olsen, 2004), quality at the source (Matsui, 2007; Olsen, 2004; Shah & Ward, 2007), total 
productive maintenance (Ahmad et al., 2004; Sakakibara et al., 1997; Shah & Ward, 2007), and 
supplier network (Ahmad et al., 2004; Sakakibara et al., 1997; Shah & Ward, 2007). Even 
though this study does not include some of the lean categories discussed in the literature as 
separate components, many are assimilated into related practices.  
 
 
Lean Manufacturing and Performance 
Performance measurement is a process in quantifying action and can be defined as measuring 
the efficiency and effectiveness of action toward achieving predetermined objectives (Neely, 
Gregory, & Platts, 2005). They noted; although many practitioners have argued some areas in 
which performance measurement might be useful, little guidance on how the appropriate 
measures can be identified and ultimately used to manage the business. In the area of lean, due 
to lean is more frequently implemented in the shop floor, especially associated to production 
process, the use of operations performance measures is proving useful at the production level in 
lean manufacturing area (Abdel-Maksoud, Dugdale, & Luther, 2005). Operations performance 
is influenced by operating conditions and reflects some internal properties of the production 
system (Bartezzaghi & Turco, 1989; Chang & Lee, 1995). 
 
Several studies have been conducted by practitioners and academicians to prove the impact of 
lean manufacturing on operations performance. Various performance measures have been 
chosen to measure the performance gained after lean implementation. The measures such as 
quality (Bhasin, 2008; Fullerton et al., 2009; Matsui, 2007), flexibility (Ahmad et al., 2004; 
Bhasin, 2008; Matsui, 2007), lead time reduction (Bhasin, 2008; Fullerton et al., 2009; Matsui, 
2007), and cost reduction (Bhasin, 2008; Matsui, 2007; Shah & Ward, 2003) are the most 




As argued by Abdel-Maksoud et al. (2005), and Fullerton et al. (2009), utilization of lean 
manufacturing are associated with operations performance. Although the studies conducted by 
Flynn et al. (1995) and Matsui (2007) concluded that lean practices did not affect quality 
performance, several past studies found different findings. Callen et al. (2000); Cua et al. 
(2001); Shah and Ward (2003); Ahmad et al. (2004); and Abdallah and Matsui (2007)) has 
shown that quality performances were significantly related to lean practices. Recent literatures 
also noted the significant relationship between lean practices and flexibility performance (see 
Ahmad et al. (2003), Chang and Lee (1995), Cua et al. (2001), and Matsui (2007)). Lead time 
reduction in term of setup time, moving time, processing time, waiting time, and queuing time 
will enable a company to respond quickly to customer needs (Cheng & Podolsky, 1993). 
Several studies such as Callen et al. (2000), Shah and Ward (2003), Ahmad et al. (2004), and 
Abdallah and Matsui (2007) have confirmed that implementing lean practices significantly 
reduced manufacturing lead time. Cost reduction (in term of unit manufacturing cost and quality 
cost), several empirical studies such as Callen et al. (2000); Cua et al. (2001); Shah and Ward 
(2003); Ahmad et al. (2004); Matsui (2007); and Abdallah and Matsui (2007) concluded that 
there were significantly relationships between cost performance and lean practices.  
 
Theoretical Framework and Hypotheses 
















Figure 1 Theoretical Framework 
 
 
The study tests several research hypotheses to systematically analyze the question of whether 
lean practices affect operations performance. Based on the theoretical framework and the 
research objectives, four hypotheses are posited.  
H1: Lean practices have positive relationships with quality  
H2: Lean practices have positive relationships with flexibility 
H3: Lean practices have positive relationships with lead time reduction 





Organization was considered as unit of analysis in this study. Based on the responsibility in 
organization and the person who can assess lean practices and operations performance, the 
middle and top management in production or manufacturing (such as director, head of 
department, and manager) were posited as element of unit of analysis. The research design 
employed in this study was cross-sectional study using survey methodology. Data were 
collected from selected manufacturing firms in Indonesia by using a set of structured 
questionnaire adopted from several sources (samples of measurement item are provided in 
Appendix 1 and 2). The measurements were performed by using the perceptual scale. Each 
Lean Practices 
1. Flexible Resources 
2. Cellular Layouts 
3. Pull system 
4. Small Lots Production 
5. Quick Setups 
6. Uniform Production Level 
7. Quality at the source 
8. Total Productive Maintenance 




3. Lead time Reduction 





question was answered using the following five-point likert scale: strongly disagree (1); 
disagree (2); neither agree nor disagree (3); agree (4); and strongly agree (5).  
 
Population and Sample 
The Data and Information Center of the Indonesian Ministry of Industry (2008) provided a 
sampling frame of 22,259 manufacturing companies. The original list was reduced to 2,421 by 
eliminating small and medium companies (number of employee less than 100). Using stratified 
random sampling method, 1,000 of 2,421 manufacturing companies were selected and mailed a 
questionnaire. A total of 161 questionnaires were completed and returned. This led to an 
effective response rate of 16.10%. However, the total sample size was reduced to 139 
companies because of too many missing values, inappropriate respondent, and data outliers.  
 
 
RESEARCH FINDINGS  
 
 
Construct Validity and Reliability Analysis 
Factor analysis was carried out to measure construct validity. Factor analysis was applied on 
each construct separately. Principal components method was used to identify factors with 
eigenvalues of at least 1.0. Only items that have a factor loading of at least 0.40 were retained. 
Moreover, all constructs explain more than 50% (from 50.155 to 70.929) of total variance. 
KMO values are greater than 0.60 and Bartlett's test of sphericity is significant at the 0.05 level 
for all constructs. Thus, it can be concluded that all constructs are eligible (Coakes & Steed, 
2007). Reliability refers to the internal consistency and stability of an item to measure a 
construct has been tested by using Cronbach’s coefficient alpha. All values of Cronbach’s alpha 
are greater than 0.70. In general, the questionnaire used in this study is valid and reliable. In 
detail, result of construct validity and reliability analysis are shown in Table 1.  
 
 
Table 1 Statistical summary of construct validity and reliability analysis 
No Variable Number of Itema 
Deleted 
Itemb 
Factor Loading for 





Lean Practices (Independent Variable) 
1 Flexible Resources 8 none 
0.856, 0.831, 0.815, 0.815, 
0.795, 0.759, 0.673, 0.566 0.858 59.161 0.888 
2 Cellular Layouts 8 none 0.860, 0.853, 0.837, 0.829, 0.822, 0.670, 0.603, 0.464 0.730 56.981 0.873 
3 Pull System 7 2, 7 0.919, 0.908, 0.886, 0.849, 0.824 0.839 57.014 0.926 
4 Small Lot Production 6 none 
0.879, 0.871, 0.866, 0.865, 
0.805, 0.760 0.826 70.929 0.917 
5 Quick Setup 7 none 0.828, 0.786, 0.772, 0.765, 0.761, 0.608, 0.513 0.835 52.819 0.837 
6 Uniform Production Level 8 none 
0.810, 0.805, 0.723, 0.695, 
0.689, 0.684, 0.649, 0.639 0.796 51.032 0.859 
7 Quality at the Source 8 none 
0.855, 0.846, 0.793, 0.739, 
0.729, 0.702, 0.608, 0.556 0.819 54.074 0.870 
8 Total Productive Maintenance 7 none 
0.877, 0.850, 0.797, 0.760, 
0.756, 0.659, 0.406 0.817 55.319 0.831 
9 Supplier Networks 8 none 
0.852, 0.850, 0.823, 0.815, 
0.718, 0.693, 0.687, 0.632 0.850 58.195 0.892 
Operations Performance (Dependent Variable) 
1 Quality 6 none 0.789, 0.766, 0.751, 0.727, 0.716, 0.679 0.808 54.594 0.830 
2 Flexibility 5 none 0.812, 0.783, 0.781, 0.721, 0.534 0.724 53.733 0.773 
3 Lead Time Reduction 5 none 
0.790, 0.788, 0.702, 0.631, 
0.610 0.664 50.155 0.740 
4 Cost Reduction 4 none 0.901, 0.857, 0.725, 0.647 0.699 62.252 0.787 
Notes: a Number of item before deletion; b Sequence number based on the questionnaire; c Cronbach’s alpha after 





Linear Correlation between Variables: Pearson Correlation Analysis 
Pearson correlation analysis was conducted to measure the association between two variables in 
the study, how a variable relates to another variable. The result of Pearson correlation analysis is 
shown in Table 2. Based on the table, all lean practices are positively associated each other at 
the 0.01 level. The r-values range between 0.292 and 0.736, with the highest r-value is detected 
in the relationship between small lot production and pull system. The table also gives empirical 
evidence that lean practices are positively and significantly correlated with all measures of 
operations performance at the 0.01 levels, the r-values range between 0.245 and 0.648. It 
implies, the better lean practices implementation, the better operations performance.  
 
 
Table 2 Results of Pearson Correlation Analysis 
No Construct Lean Practices 1 2 3 4 5 6 7 8 9 
  
Lean Practices (Independent Variable) 
1 Flexible Resources 1 
2 Cellular Layouts .622 1 
3 Pull System .584 .565 1 
4 Small Lot Production .555 .564 .736 1 
5 Quick Setups .530 .492 .292 .355 1 
6 Uniform Production Level .551 .614 .444 .438 .577 1 
7 Quality at the Source .541 .476 .469 .429 .567 .559 1 
8 Total Productive Maintenance .449 .456 .497 .325 .416 .394 .528 1 
9 Supplier Networks .542 .510 .657 .529 .336 .441 .500 .533 1 
Operations Performance (Dependent Variable) 
10 Quality .536 .461 .566 .435 .450 .434 .605 .557 .648 
11 Flexibility .557 .470 .487 .439 .510 .429 .520 .473 .523 
12 Lead Time Reduction .334 .345 .286 .245 .301 .303 .358 .397 .478 
13 Cost Reduction .442 .429 .347 .302 .324 .396 .445 .318 .378 
Notes: All correlations are significant at the 0.01 level (1-tailed) 
 
 
Results of Pearson correlation analysis assert that a prerequisite to apply multiple regression 
analysis is fulfilled. In the next section, multiple regression analyses are applied to investigate 
the relationship among variables involved in this study. 
 
The Relationship between Lean Practices and Operations Performance: Multiple 
Regression Analysis 
To measure the significant relationship between lean practices and operations performance, the 





OPi = Operations performance; i = 1,…, 4 (operations performance measures); α = Intercept; β1,…,9  = 
Regression coefficient; L1= Flexible resources; L2 = Cellular layouts; L3 = Pull system; L4 = Small lot 
production; L5 = Quick setups; L6 = Uniform production level; L7 = Quality at the source; L8 = Total 
productive maintenance; L9 = Supplier networks; e = Random distribution of error. 
 
 
The result of regression analysis is given in Table 3. The adjusted R2 values ranges 
between 0.233 and 0.537. The adjusted R2 value of quality is the highest of all 
operations performance measures with 53.70% variance explained by variances in 
independent variables. F-statistic which tests H0: R2 = 0 is significant at the 0.05 level 
for all regression models.  
 
The t-statistic which tests H0: βi = 0 indicates that majority of regression coefficients are 
not significant at the 0.05 level. For example, regression model of quality informs that 
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there are only two lean practices with significant t; they are quality at the source (p = 
0.003) and supplier networks (p = 0.000). Regression model of flexibility also shows 
the similar result, only one lean practices with the significant t; quick setups (p = 0.012). 
The similar results are also suggested in regression model of lead time reduction and 
cost reduction. Meanwhile, multiple regression analysis produces small values of t-
statistics; consequently certain independent variables should be dropped from the 
regression models. These evidences indicate the possibility for multicollinearity in the 
model. 
 




Unstandardized  Standardized 
Beta t Sig. 
Unstandardized  Standardized 
Beta t Sig. Beta Std. Error Beta 
Std. 
Error 
Dependent Variable: Quality Dependent Variable: Flexibility 
(Constant) 1.257 0.298 4.220 0.000 1.394 0.343 4.070 0.000 
Flexible Resources 0.068 0.072 0.082 0.947 0.345 0.153 0.082 0.181 1.863 0.065 
Cellular Layouts -0.020 0.082 -0.021 -0.242 0.809 0.017 0.094 0.018 0.181 0.857 
Pull System 0.073 0.044 0.168 1.636 0.104 0.035 0.051 0.078 0.683 0.496 
Small Lot 
Production -0.028 0.040 -0.064 -0.697 0.487 0.015 0.046 0.033 0.319 0.750 
Quick Setups 0.099 0.074 0.109 1.351 0.179 0.215 0.085 0.229 2.539 0.012 
Uniform 
Production Level -0.034 0.069 -0.042 -0.497 0.620 -0.039 0.080 -0.046 -0.491 0.624 
Quality at the 
Source 0.233 0.078 0.247 2.987 0.003 0.114 0.090 0.117 1.269 0.207 
Total Productive 
Maintenance 0.127 0.073 0.135 1.753 0.082 0.097 0.084 0.100 1.162 0.248 
Supplier Networks 0.197 0.051 0.323 3.848 0.000 0.112 0.059 0.179 1.908 0.059 
R2 0.567 0.460 
Adjusted R2 0.537 0.423 
Sig F 0.000 0.000 
 
 




Unstandardized  Standardized 
Beta t Sig. 
Unstandardized  Standardized 
Beta t Sig. Beta Std. Error Beta 
Std. 
Error 
Dependent Variable: Lead Time Reduction Dependent Variable: Cost Reduction 
(Constant) 2.173 0.347 6.268 0.000 1.837 0.372 4.935 0.000 
Flexible Resources 0.019 0.083 0.025 0.226 0.821 0.138 0.089 0.172 1.539 0.126 
Cellular Layouts 0.079 0.095 0.093 0.827 0.410 0.155 0.102 0.169 1.514 0.133 
Pull System -0.058 0.052 -0.150 -1.129 0.261 0.003 0.056 0.006 0.046 0.963 
Small Lot 
Production -0.007 0.047 -0.018 -0.154 0.878 -0.025 0.050 -0.059 -0.502 0.617 
Quick Setups 0.046 0.086 0.056 0.539 0.591 -0.028 0.092 -0.031 -0.300 0.764 
Uniform 
Production Level 0.003 0.081 0.003 0.031 0.975 0.058 0.087 0.072 0.674 0.502 
Quality at the 
Source 0.059 0.091 0.069 0.648 0.518 0.209 0.097 0.228 2.146 0.034 
Total Productive 
Maintenance 0.133 0.085 0.156 1.573 0.118 -0.005 0.091 -0.006 -0.057 0.955 
Supplier Networks 0.214 0.060 0.387 3.580 0.000 0.056 0.064 0.094 0.869 0.386 
R2 0.283 0.286 
Adjusted R2 0.233 0.237 
Sig F 0.000 0.000 
 
 
Reducing the Effects of Multicollinearity in Regression Model: Principal Component 
Analysis and Simple Regression Analysis 
Multicollinearity is an underlying assumption of the use of regression. Hair, Black, Babin, & 
Anderson (2010) also stated that as multicollinearity increases, it complicates the interpretation 
of relationships because it is more difficult to ascertain the effect of any single construct owing 
to other interrelationship. More detail, multicollinearity can affect the following conditions 
(Wang, 1996): (a) The estimated standard errors for the coefficient will be large and produce 
small value of t-statistic; (b) The estimated coefficients may become insignificant or have 
wrong signs (positive or negative); (c) Because of the large estimated standard errors, the 
relative importance of independent variables will be difficult to be assessed. (d) The certain 




According to Mueller (1996) and Grapentine (1997), multicollinearity might be present if any of 
the common situations below exists: 
1. Correlation coefficients among independent variables are relatively high, say 0.70 or larger.  
2. One or more of the metric or standardized regression coefficients have theory contradicting 
signs. For example, the coefficients take on negative values while theory or common sense 
suggests a positive relationship exists between the independent and dependent variables. 
3. One or more of the standardized regression weights are very large. 
4. Unusually large of the standard errors of the beta regression coefficients. 
5. The regression equation has a large R2 with several insignificant independent variables. 
 
However, the possibility of multicollinearity is appeared in the model. Based on Table 2, 
Pearson correlation coefficients among lean practices are statistically high and significant (p < 
0.01) with the highest value 0.736 (between pull system and small lot production). The all 
regression models developed in this study indicate the high adjusted R2 values; between 0.233 
and 0.537 (see Table 3). Else, F-statistics for all multiple regression models are statistically very 
significant. On the other sides of regression result, t-statistics indicate very few independent 
variables which contribute significantly to dependent variable as explained above.  
 
Tolerance and Variance Inflation Factor (VIF) are the two direct measures of multicollinearity 
in multiple regression analysis (Hair et al., 2010). Tolerance is defined as the amount of 
variability of the selected independent variable not explained by the other independent 
variables. Tolerance value should be high, which means a small degree of multicollinearity. VIF 
is the inverse of tolerance value. Thus, instances of higher degrees of multicollinearity are 
reflected in lower tolerance values and higher VIF values. The tolerance value of each 
independent variable of less than 0.40 and VIF value of greater than 2.50 are enough to indicate 
a serious multicollinearity problem in the model (Allison, 1999; Miles & Shevlin, 2001). In 
detail, the result of multicollinearity diagnostics for all lean practices and operations 
performance are appeared in Table 4. The table points out that the multicollinearity problem is 
existed in the regression model especially for pull system (tolerance = 0.317, VIF = 3.159) and 
small lot production (tolerance: 0.400, VIF = 2.502). 
 
Table 4 Tolerance and VIF values for lean practices 
No Lean Practices (Independent Variable) Tolerance VIF 
1 Flexible Resources 0.445 2.248 
2 Cellular Layouts 0.442 2.262 
3 Pull System 0.317 3.159 
4 Small Lot Production 0.400 2.502 
5 Quick Setups 0.515 1.942 
6 Uniform Production Level 0.481 2.080 
7 Quality at the Source 0.490 2.039 
8 Total Productive Maintenance 0.565 1.771 
9 Supplier Networks 0.476 2.099 
 
Due to the relationships among lean practices are statistically significant and positive, and the 
important role of pull system and small lot production in lean manufacturing, simple regression 
analysis on principal component as suggested by Hair et al. (2010) is applied to reduce the 
possible effect of multicollinearity. Principal component analysis (PCA) is aimed to summarize 
most of original information (variance) in minimum number of factors for prediction purposes 
by considering the total variance and derives factors that contain small proportions of unique 
variance (Hair et al., 2010). The outputs of PCA are the first principal component score 
explaining the maximum variance of independent variable and a linear combination of the 
original data. As suggested by Lim (2003) and Agus (2000), simple regression is applied among 
independent variables with the first principal component score explaining the largest variances 
of independent variable by following the regression model: Y = α + β1X1. F-test is used to point 




Appendix 3 tabulates the output of principal component analysis in detail. Based on Appendix 
3, the first principal component or linear combination of lean practices is: 0.359 (flexible 
resources) + 0.354 (cellular layouts) + 0.351 (pull system) + 0.329 (small lot production) + 
0.298 (quick setups) + 0.332 (uniform production level) + 0.335 (quality at the source) + 0.301 
(total productive maintenance) + 0.336 (supplier networks). The first principal component 
explains 55.90% of total variance from the nine lean practices. The results of simple regression 
analysis between independent variable and score of the first principal component of lean 
practices are shown in Table 5. Operations performance measures are contributed by lean 
practices collectively. Regression coefficients of all regression models are statistically positive 
and significant (p = 0.05). It means that mutually supportive lean practices contribute 
significantly on operations performance, in term of quality, flexibility, lead time reduction, and 
cost reduction. Finally, hypotheses H1, H2, H3, and H4 are then accepted. 
 
 
Table 5 Results of simple linear regression between principal component scores of lean 
practices and operations performance measures. 
Model 
Unstandardized  Standardized 
Beta t Sig. R
2 
Beta Std. Error 
Constant 1.671 0.215 7.755 0.000 
Regression 0.209 0.019 0.689 11.113 0.000 0.474* 
IV = Principal component scores of lean practices 
DV = Quality 
Constant 1.916 0.235 8.157 0.000 
Regression 0.200 0.021 0.641 9.767 0.000 0.410* 
IV = Principal component scores of lean practices 
DV = Flexibility 
Constant 2.693 0.242 11.131 0.000 
Regression 0.119 0.021 0.434 5.641 0.000 0.189* 
IV = Principal component scores of lean practices 
DV = Lead Time Reduction 
Constant 2.441 0.253 9.653 0.000 
Regression 0.143 0.022 0.485 6.495 0.000 0.235* 
IV = Principal component scores of lean practices 
DV = Cost Reduction 
Notes: IV = Independent variable; DV = Dependent Variable; Principal component scores are resulted from principal 
component analysis; * F-statistics are significant at the 0.05 level. 
 
 
DISCUSSIONS ON RESEARCH FINDINGS 
 
Generally, this study is aimed to investigate empirically the impact of lean practices on 
operations performance. For this aim, the relationships between lean practices and operations 
performance have been accomplished. The study objectives have been achieved by applying 
several statistical techniques; Pearson correlation analysis, multiple regression analysis, 
principal component analysis, and simple linear regression analysis. Pearson correlation 
coefficients among lean practices suggest that lean practices should be implemented collectively 
and comprehensively, because each practice is interdependent one another. Lean practices 
should not be implemented as individual practice and limited subset. Several authors, such as 
Mehra and Inman (1992), White and Prybutok (2001), and Shah and Ward (2003, 2007), 
support substantially this conclusion.  
 
The result of principal component analysis for lean practices supports the evidence that lean 
practices must be implemented holistically (see Appendix 3). The first principal component or 
linear combination of the nine lean practices; 0.359 (flexible resources) + 0.354 (cellular 
layouts) + 0.351 (pull system) + 0.329 (small lot production) + 0.298 (quick setups) + 0.332 
(uniform production level) + 0.335 (quality at the source) + 0.301 (total productive 
maintenance) + 0.336 (supplier networks) has the close resemblance and positive loading 
values. These close resemblance and positive loading values indicate the same importance of all 
lean practices on the first principal component. Equally important, the first principal component 





The result of Pearson correlation and principal component analysis support the evidence stated 
by Sakakibara et al. (1997), Claycomb et al. (1999), Cua et al. (2001), and Fullerton et al. 
(2009) that piecemeal adoption of lean practices can assert the variation in performance effects, 
in other words, lean practices can benefit some firms, but on the other hand may not benefit 
some other firms. Furthermore, the study conducted by Mehra and Inman (1992), and White and 
Prybutok (2001) have also supported this result that before lean practices are implemented 
comprehensively and as a total system, its potential benefits will not be realized. 
The result of Pearson correlation analysis also provides empirical evidence that lean practices 
positively and significantly associated with all operations performance measures. Simple 
regression analyses assert that the first principal component of lean practices contributes 
significantly on all measures of operations performance. All lean practices can statistically 
explain significant percent of variance of operations performance.  
 
In term of lean manufacturing impacts on operations performance, Ahmad et al. (2004), 
Abdallah and Matsui (2007), and Fullerton et al. (2009) support this result. Numerous authors 
have developed the reasonable considerations. Abdel-Maksoud et al. (2005) explained the 
reason to support this conclusion that lean practices are more frequently implemented in the 
shop floor and related to production process. Despitefully, Bartezzaghi and Turco (1989) and 
Chang and Lee (1995) also explained that operations performance is actually reflected by some 
internal properties of production system which is influenced by manufacturing practices applied.  
 
 
Implications of the Study 
The results of this study are valuable theoretically and practically. The study provides an 
addition on the theory in operations management especially lean manufacturing and operations 
performance. The study also adds to the better understanding about the impact of lean practices 
on operations performance in the context of a developing country. In addition, this study also 
can help in clearing up the misconception among researchers and practitioners regarding the 
lean impact on operations performance. The results help practitioners of lean manufacturing to 
consider the integral perspective in implementing lean manufacturing.  
 
In the implementation context, in order to succeed in implementing this approach, the practices 
should be implemented holistically because all lean practices tested in this study are 
interdependent each other and the importance of all practices are about the same.  
The findings of the study also imply that in order to survive in the world wide competition, 
manufacturing companies should be encouraged to implement lean manufacturing that have 
been proven successful in improving operations performance of manufacturing companies 
throughout the world.  
 
 
Limitations of the Study and Suggestions for Future Research 
Of course, this study is not without limitations. As in all survey research, an assumption in data 
collection was that the respondents had sufficient knowledge to answer the questionnaire, and 
that, respondents answered the questions conscientiously and truthfully. Although the 
questionnaire has been pretested and passed the validity and reliability test, respondents’ 
interpretations may have differed from that intended. 
 
The data used in this study were collected from one person employed in operations area in 
Indonesian manufacturing companies. Therefore, the extent of lean implementation and 
performance were entirely subjective. The future researcher can consider collecting the data 
from many employees in a manufacturing company in order to prevent the bias responds. 
 
This study is cross sectional study, by gathering the data just once. Several studies stated that 
lean manufacturing implementation needs long term commitment and the benefit of lean 
sometime cannot be realized in a short term. Studying the phenomena of lean manufacturing 






To achieve the potential benefits of lean manufacturing implementation, all the practices should 
be implemented holistically and comprehensively as a system, rather than piecemeal or in 
limited subsets. Meanwhile, the evidence provides strong support that the higher extent of lean 
practices implementation will bring to the better operations performance in term of quality, 
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Appendix 1 Samples of lean practices measurement items 
No Item Adopted from: 
Flexible Resources 
1 Many problems have been solved through small group 
sessions 
Sakakibara et al. (1993); Ramarapu et al. 
(1995); olsen (2004); Fullerton et al. (2009)
2 Our employees are capable of performing several different 
tasks 
Sakakibara et al. (1993); Russell and Taylor 
III (2008)
Cellular Layouts 
1 We have laid out the shop floor so that processes and 
machines are in close proximity to each other 
Sakakibara et al. (1993); Abdallah and 
Matsui (2007); Matsui (2007) 
2 Our processes are located close together, so that material 
handling and part storage are minimized 
Sakakibara et al. (1993); Abdallah and 
Matsui (2007); Matsui (2007) 
Pull System 
1 We use a production system in which items are produced 
only when called for by the users of those items  
Russell and Taylor III (2008); Shah and 
Ward (2007) 
2 We use a production system in which items are produced 
only in necessary quantities, no more and no less. 
Russell and Taylor III (2008); Cheng and 
Podolsky (1993) 
Small Lot Production 
1 We emphasize small lot sizes to increase manufacturing 
flexibility 
Matsui (2007); Finch (2008) 
2 We are aggressively working to lower lot sizes in our plant Sakakibara et al. (1993); Flynn et al. (1995); 
Matsui (2007) 
Quick Setup 
1 We are aggressively working to lower machine setup times 
in our plant 
Sakakibara et al. (1993); Abdallah and 
Matsui (2007); Shah and Ward (2007) 
2 Our shop floor employees perform their own setups to 
reduce the time required 
Sakakibara et al. (1993); Flynn et al. (1995); 
Abdallah and Matsui (2007) 
Uniform Production Level 
1 We produce every model of product every day to anticipate 
customer demand variability 
Sakakibara et al. (1993); Russell and Taylor 
III (2008) 
2 Based on our master schedule, we produce more than one 
product model from hour to hour and day to day 
Sakakibara et al. (1993); Russell and Taylor 
III (2008) 
Quality at the Source 
1 Our shop floor employees are authorized to stop 
production for quality problems 
Sakakibara et al. (1993); Russell and Taylor 
III (2008)  
2 Statistical techniques are used to identify and reduce 
process variances 
Olsen (2004); Russell and Taylor III (2008) 
Total Productive Maintenance
1 Records of routine maintenance are kept Olsen (2004); Shah and Ward (2007)  
2 We emphasize good maintenance system as a strategy for 
achieving quality and schedule compliance 
Sakakibara et al. (1993); Olsen (2004) 
Supplier Networks 
1 Our suppliers deliver  materials/products to us just as it is 
needed (on a just-in-time basis) 
Abdallah and Matsui (2007); Shah and Ward 
(2007); Matsui (2007) 








Appendix 2 Samples of operations performance measurement items  
No Item Adopted from: 
Quality 
1 We have superior quality of product compared to our 
competitors’ 
Flynn et al. (1995); Bhasin (2008) 
2 Activities in fixing defective products to conform the quality 
specifications (reworks) have reduced 
Dao (2000); Fullerton et al. (2009) 
Flexibility 
1 Machine flexibility has increased (Machine flexibility is the 
ability to perform several different types of operations) 
Russell and Taylor III (2008); Cheng and 
Podolsky (1993) 
2 Number of employees who can perform several different 
tasks (multi-skilled workforce) has increased 
Russell and Taylor III (2008); Krajewski 
and Ritzman (2005); Cheng and Podolsky 
(1993) 
Lead time Reduction 
1 The times waiting for the part to be moved to the next 
operation have reduced 
Cheng and Podolsky (1993); Heizer and 
Render (2008)  
2 Transportation times from storage, to storage, or between 
work centers have reduced 
Cheng and Podolsky (1993); Heizer and 
Render (2008)  
Cost Reduction 
1 Our unit manufacturing cost is lower than our competitors’ Cua et al. (2001); Shah and Ward (2003); 
Bhasin (2008); Ahmad et al. (2003);  
2 Internal failure costs (i.e. defect, scrap, rework, process 
failure, price reduction, and downtime) have reduced 
Russell and Taylor III (2008) 
 
 
Appendix 3 Output of principal component analysis for lean manufacturing practices 
 
Appendix 3 Output of principal component analysis for lean manufacturing practices 
 
Eigenanalysis of the Correlation Matrix 
 
Eigenvalue  5.0320  1.0124  0.7484  0.4856  0.4343  0.4041  0.3608  0.3132 
Proportion   0.559   0.112   0.083   0.054   0.048   0.045   0.040   0.035 
Cumulative   0.559   0.672   0.755   0.809   0.857   0.902   0.942   0.977 
 
Eigenvalue  0.2092 
Proportion   0.023 
Cumulative   1.000 
 
 
Variable    PC1     PC2     PC3     PC4     PC5     PC6     PC7     PC8     PC9 
FR        0.359   0.022  -0.179  -0.027  -0.439   0.615  -0.415   0.288  -0.106 
CL        0.354   0.015  -0.279  -0.591  -0.060  -0.146  -0.146  -0.627   0.089 
PS        0.351  -0.477   0.001   0.104   0.003  -0.178  -0.021   0.238   0.741 
SLP       0.329  -0.410  -0.356   0.334  -0.134  -0.377   0.127   0.012  -0.556 
QS        0.298   0.566  -0.112   0.224  -0.376  -0.039   0.581  -0.039   0.214 
UPL       0.332   0.330  -0.273  -0.244   0.622  -0.091   0.013   0.493  -0.093 
QAS       0.335   0.283   0.247   0.565   0.283  -0.057  -0.472  -0.347   0.027 
TPM       0.301   0.056   0.720  -0.312  -0.262  -0.345  -0.046   0.229  -0.220 
SN        0.336  -0.302   0.311  -0.026   0.331   0.542   0.477  -0.221  -0.137 
 
 
 
 
 
 
 
 
 
  
